SHORT REPORTS
Diuretic resistance: reduced bioavailability and effect of oral frusemide Some patients respond poorly to diuretics. This could be due to changes in the pharmacokinetics or the pharmacodynamics of the diuretic. We report a case in which frusemide given by mouth to an oedematous patient had little effect owing to a much reduced bioavailability.
Case report
A 42-year-old woman was admitted to hospital on 25 occasions from 1971 to 1979 severely overhydrated. Idiopathic oedemal was diagnosed after exclusion of other possible causes. She was treated with salt restriction, frusemide intermittently (20-40 mg/day, higher doses when necessary), and potassium chloride. Periodically spironolactone or amiloride was added. Indomethacin 50 mg thrice daily had no effect. After a three-week remission without treatment in 1978 she was readmitted free of oedema and put on a diet containing 20 mmol (mEq) sodium a day. The results of routine serum and urine tests, chest radiographs, cortisol excretion, and creatinine clearance were all normal. There was no orthostatic change in glomerular filtration rate or renin and aldosterone concentrations (the last two were uniformly high). Free water clearance was normal in the supine position after a 1-5 litre water load (51, 309, 305, and 109 ml/min respectively at hourly intervals) but severely diminished when the patient was standing (2, 2, 7, and 15 ml/min). Surprisingly, when she was oedematous frusemide 250-500 mg by mouth had a minimal effect, whereas 40 mg intravenously resulted in a brisk diuresis. We therefore determined the bioavailability and effect of the diuretic (80 mg by mouth and intravenously on two consecutive days) while she was recumbent on two separate occasions-when she was oedematous and when she was free of oedema. No other medication was allowed and food was withheld overnight. Plasma frusemide concentrations were measured2 repeatedly over an eight-hour period and recorded according to a two-compartment open model. Pharmacokinetic values were calculated by conventional methods.
The pharmacokinetics and pharmacodynamics of frusemide in the oedematous and the oedema-free states are summarised in the table. The most striking finding was the low bioavailability (17-3%) of the diuretic in the oedematous compared with 74-7 % in the oedema-free state. Intravenous frusemide induced over three times as much diuresis in the oedematous as in the oedema-free state. Frusemide by mouth was less effective in the oedematous than in the oedema-free state, though the difference was less pronounced than would be expected from the differences in bioavailability. This discrepancy might be explained by the fact that the apparent volume of distribution of frusemide in the oedematous state was only half what it was in the oedema-free state, which led to higher plasma concentrations than expected from the bioavailability. This mechanism is shown when the bioavailability is estimated from the effect. Bioavailability in the oedematous and in the oedema-free state would then be 30 % and 90 % respectively. Thus the relation is roughly the same as when the bioavailability is calculated from the plasma concentrations of frusemide.
Pharmacokinetics and pharmacodynamics of frusemide in the oedematous (0) and oedema-free (0-F) state By mouth Intravenous 
Comment
The response to diuretics may be poor in renal failure or ascites due to cirrhosis,3 but our patient suffered from neither of these. Although the bioavailability of frusemide is slightly reduced in patients with renal failure and nephrotic syndrome this has not been shown to be the cause of "diuretic resistance."4 Our case, however, shows that an apparent resistance to treatment with oral frusemide can be explained by reduced bioavailability of the drug in the oedematous state, presumably owing to reduced absorption of the drug from the gastrointestinal tract, which may also have been affected by oedema. When oral diuretic treatment of oedema fails it may therefore be worth trying the intravenous route. Ultrafiltration treatment has been suggested for diuretic-resistant oedema,5 although this has been criticised.3 Resistance to diuretic treatment is reported to have been reversed after ultrafiltration in some patients5; but we cannot easily evaluate this claim (or the justification for giving ultrafiltration treatment) without knowing how the diuretic had been administered. To avoid confusion we suggest that the diagnosis of diuretic resistance should be restricted to cases of poor response to diuretics in which changes in the pharmacokinetics (such as reduced bioavailability) of the drug have been ruled out. 
Case report
This 64-year-old woman developed painful oedematous feet and hands and Raynaud's phenomenon in January 1978. In May 1978 she was admitted to a peripheral hospital after a haematemesis. Gastric erosions were seen on endoscopy. During a blood transfusion acute pulmonary oedema and hypotension occurred. She became anuric after this 30-minute hypotensive period. After three weeks of peritoneal dialysis she was transferred to North Shore Hospital. She had not been hypertensive and her white cell count was normal during her initial stay in hospital.
On examination we found thickening and induration of the skin of the hands, feet, and face, blood pressure of 135/75 mm Hg, and no splenomegaly or other abnormality. Investigations showed a haemoglobin of 10-8 g/dl, a total white cell count of 1-2 x 109/1 with 43 % segmented neutrophils, a platelet count of 220 x 109/l, and an erythrocyte sedimentation rate of 60 mm in the first hour. Cytotoxic leucocyte antibodies were present. A Coombs test gave a negative result.
Within two days no neutrophils were present on peripheral blood films. The total white cell count was 0 5 x 109/l. On bone marrow aspiration the cellularity was normal but there was evidence ofnuclear lysis. The granulocyte precursors were greatly diminished. There was a pronounced reversal of the myeloerythroid ratio. Occasional granulocyte cells with ingested lysed nuclear material could be seen (see figure) . The erythropoietic cells showed features of dyserythropoiesis. other medication was cimetidine, which she took throughout her stay in hospital.
Her total white cell count remained between 0-8 and 1-5 x 109/1 for six days with 0-10 % neutrophils. The total white cell count increased on the seventh day and two weeks after admission was 17-8 x 109/1 with 76 % neutrophils.
A skin biopsy showed changes consistent with the diagnosis of scleroderma. Intravenous pyelography, cystoscopy, and retrograde pyelography showed nothing abnormal. Renal arteriography showed reduced cortical blood flow with irregularity and beading of the interlobular, arcuate, and interlobar arteries. A renal biopsy showed changes consistent with malignant scleroderma.
The patient remained anuric and was transferred to another renal unit for chronic haemodialysis but died soon after.
Comment
This patient with malignant scleroderma developed spontaneous neutropenia with circulating white cell antibodies and bone marrow features suggestive of an autoinmmune mechanism. The neutropenia was reversed after corticosteroid treatment-a response similar to that seen in patients with autoimmune haemolytic anaemial and thrombocytopenia2 associated with scleroderma. Neutropenia has been reported in association with cimetidine therapy.' In the present case the neutropenia resolved while the cimetidine treatment was continued and the bone marrow findings were not consistent with a drug-induced neutropenia. Although antinuclear antibodies were present, they were present in only a dilution of 1/50 with a speckled pattern. Serum complement concentrations were normal and DNA antibodies were not raised.
Thus the neutropenia was unlikely to have been, caused by systemic lupus erythematosus.
We think, therefore, that this patient's neutropenia had an autoimmune basis associated with scleroderma. Various other autoimmune haematological disturbances have been described in patients with scleroderma,1-3 but isolated autoimmune neutropenia has not to our knowledge been reported. Regular blood counts should be performed in patients with severe scleroderma, so that early appropriate treatment can be prescribed. When there is proximal incompetence of either the long or short saphenous vein surgery is indicated. Sclerotherapy is ineffective at these sites." Sapheno-femoral ligation is relatively simple because this junction is fairly constant, although the position and number of tributaries vary. The short saphenous vein, however, varies widely in the level and pattern of its termination.2 3 Ligating it may be difficult and hazardous. Widd incisions have been recommended to expose the contents of the popliteal fossa and, since vertical incisions are apt to fibrose or form keloid, generous transverse incisions are now usual. If too low a separate, higher incision can be made (step-ladder technique).4 A stripper may be passed proximally and an incision made at the highest point where the tip of the stripper ceases to be palpable.5 Sapheno-popliteal ligation need not be flush on the popliteal vein but all the tributaries must be ligated to prevent recurrence. Doppler ultrasound has also been used to locate the termination of the short saphenous vein but is inaccurate. For the past 10 years peroperative venography has been used when dealing with atypical or recurrent vein problems. It has proved particularly helpful in dealing with the short saphenous vein and has enabled an accurately positioned, small transverse incision to be used. For the past year venography has been a standard procedure in all operations on this vein. As expected, its termination has been shown to vary widely.
Method and results
Initially a sterile procedure was used and the x-ray picture taken after the leg had been cleaned and towelled. This was cumbersome and wasted time, so now the x-ray picture is taken before preparing the patient. The patient is placed in a lateral position with the lower leg flexed and the upper leg straight-the 'leg for operation being uppermost. A cassette containing a 30 mm x 40 mm x-ray film is placed under the upper leg and the x-ray tube positioned over the leg and centred on the knee joint. Two sterile 21 gauge hypodermic needles are' inserted intradermally as markers at the flexural crease and at the highest point where the short saphenous vein is palpable. The film is then exposed after injecting 5 ml contrast media (45 % Hypaque or similar material) directly through a 15 gauge needle if the vein is large or a 23 gauge butterfly cannula if the vein is tortuous.'Before taking the x-ray picture patients under epidural anaesthesia are instructed to perform a valsalva manoeuvre. When patients are under general anaesthesia the expiratory valve is closed. The x-ray film is then processed while the surgeon scrubs-up and prepares the patient. Guided by the radiograph and the marker needles a small transverse incision is made over the sapheno-popliteal junction.
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